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METHOD FOR DETERMINING TO WHICH
EXTENT A LENS DESIGN IS ADAPTED TO A
USER

This application 1s the U.S. national phase of International
Application No. PCT/EP2019/060363 filed Apr. 23, 2019
which designated the U.S. and claims priority to EP Patent
Application No. 18305505.2 filed Apr. 23, 2018, the entire

contents of each of which are hereby incorporated by
reference.

FIELD OF THE INVENTION

The present invention relates to a method for determining
the level of acceptance of a lens design by a user, to methods
for determining optical lens design based on the level of
acceptance of a lens design by a user, and to a computer
program carrying on the steps of the methods of the inven-
tion.

Additionally, the mnvention relates to a level of acceptance
of a lens design by a user determiming device, to a most
appropriate lens design for a wearer determining device, and
to an appropriate lens design for a wearer determining
device.

BACKGROUND OF THE INVENTION

Recent improvements in the field of ophthalmic lenses,
have allowed providing customized optical lenses, such
customization going beyond the wearer’s prescription. Fur-
ther parameters than the wearer’s prescription may be con-
sidered when designing an ophthalmic lens, leading to an
increase of the number of lens designs.

One of the parameters whose importance 1s more and
more considered while determining the optical design of
lenses to be provided to a wearer 1s the comifort of said
wearer while using the optical lenses. Diflerent known
parameters significantly impact the wearer’s percerved
wearing quality or comiort of the optical lenses or the
wearer’s appreciation of the lens design. One of these
parameters 1s the sensitivity to optical aberrations. Indeed, it
1s known that the wearer’s comfort 1s highly influenced by
the wearer’s sensitivity to the perceived optical aberrations
and errors associated with the lens design.

Moreover, the eye-head behavior or activity of the wearer
may 1mpacts the perception of such optical aberrations. Yet
the head-eye coetlicient which qualifies the individual wear-
er’s propensity to rather move the head or rather move the
eyes 1s not related to an intrinsic sensitivity of the wearer to
optical aberrations. Indeed, two wearers with the same
eye-head coellicient (COT1=CO12) may have diflerent sen-
sitivities to optical aberrations and thus a different appre-
ciation of the same lens design.

Therelfore, the intrinsic sensitivity of the wearer to the
different optical aberrations associated with optical lenses
plays an important role in the wearer’s appreciation of the
lens design.

Usually the mtrinsic sensitivity of the wearer to optical
aberrations 1s determined by an ophthalmologist or optom-
etrist 1n specific conditions that might influence the wearer.
Indeed, the current methods mmplies a choice from the
person that may disturb the result of the test and induce large
change and variation depending on the context and situation.
Thus current methods are not well adapted to evaluate
subjective perception of optical aberrations.

Therefore there 1s a need for a method adapted to deter-
mine the subjective intrinsic sensitivity of a user to optical
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2

aberrations, and thus to evaluate the wearer’s appreciation of
a lens design that would give relevant and not fluctuating
results 1n a fast and easy way.

One object of the present invention 1s to provide a method
for easily evaluating the wearer’s appreciation of a lens
design corresponding to the level of acceptance of a lens
design by a user.

SUMMARY OF THE INVENTION

To this end, the disclosure proposes a method, for
example implemented by computer means for determining
to which extent a lens design 1s adapted to a wearer, the
method comprising:

obtaining a lens design; the lens design representing the

variation of optical aberrations as a function of the
angular view point;
obtaining a set ol subjective values representing the
sensitivity of the user to a set of optical aberrations;

correlating the set of subjective values and the lens design
based on the set of optical aberrations so as to produce
correlation information, advantageously for determin-
ing to which extent said lens design 1s adapted to said
user from said correlation.

Advantageously, the method according to the disclosure
allows determining the level of acceptance of a specific lens
design by a user, a subjective value quantifying the wearer’s
appreciation of the lens design, 1n a relevant and not
fluctuating way that 1s fast and easy to perform.

In other words, the inventors have observed that by
associating the correlation of the user’s perceived quality
with a variation of optical aberrations, which 1s specific to
said user, with another correlation of zones of a lens design
with a set of optical aberrations, which 1s specific to said lens
design, the determination of the user’s percerved quality for
cach zones of the lens design, which corresponds to the level
ol acceptance of said specific lens design by said user is
facilitated and rendered more relevant and less fluctuating.

According to further embodiments which can be consid-
ered alone or 1n combination:

the method comprises prior to correlating the set of

subjective values and the lens design, defining zones on
the lens design, and wherein the correlation of the set
of subjective values and the lens design 1s performed
for each defined zone of said lens design;

the lens design 1s a progressive addition lens design;

and/or

the set of subjective values are obtained by receiving from

the user, grades of the quality of presented simulated
images representing real optical errors; and/or

the presented 1mages representing real optical errors are

graded by the user using a gradation scale; and/or
the presented simulated 1mages are simulated as 1t they
were seen at a targeted distance; and/or
the type of the simulated presented 1mages 1s adapted for
a targeted distance; and/or

the simulated 1images are presented 1n viewing conditions
chosen from a list comprising standard vision, night
vision, and low light vision; and/or

the gradation scale 1s a 3-items gradation scale from 0O to

100 with steps of 20; and/or

the 1mages are seen through real optics; and/or

the 1mages are seen through a sphero-cylindrical correc-

tion giving at least a 6/6 high contrast acuity; and/or

a 3 mm pupil 1s worn 1n front of the eye while grading the

presented simulated images; and/or
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the method further comprises prior to obtaining the set of
subjective values of the user, obtaiming information on
a best eye of the user, the best eye of the user being the
eye with the best visual acuity, and wherein the set of

4

wherein 11 the level of acceptance of the selected lens design

by the user 1s greater or equal to the level of satisfaction the

lens design 1s deemed to be acceptable for said user.
According to further embodiments which can be consid-

subjective values 1s obtained grading the presented ° ered alone or in combination:

simulated pictures using only the eye with the best
visual acuity; and/or
the method further comprises prior to obtaining the set of
subjective values of the user, obtaiming information on
a best eye of the user, the best eye of the user being the
cye with the lowest aberration level, and wherein the
set of subjective values 1s obtained grading the pre-
sented simulated pictures using only the eye with the
lowest aberration level; and/or
the method further comprises prior to obtaining the set of
subjective values of the user, obtaiming information on
a dominant eye of the user, and wherein the set of
subjective values 1s obtained grading the presented
simulated pictures using only the dominant eye; and/or

the method further comprises determining a level of
acceptance ol the lens design by a user based on the
correlation information; and/or

the method further comprises controlling a display of a

design map of the user, the design map corresponding
to a representation of the correlation information.

Another object of the disclosure relates to a method, for
example implemented by computer means for determining
the most appropriate lens design for a wearer, the method
comprising;

obtaining a set of subjective values representing the

sensitivity of the user to a set of optical aberrations;
determining a level of acceptance of multiple lens designs
by the user 1 according to the method of the disclosure;
comparing the levels of acceptance of the multiple lens
designs; and
determining the most appropriate lens design for the
wearer based on the comparison of the levels of accep-
tance of the multiple lens designs.

According to further embodiments which can be consid-
ered alone or in combination:

the method comprises prior to comparing the levels of

acceptance of the multiple lens design, defining zones
on the lens design corresponding to different values of
level of acceptance of the lens design and obtaining a
level of satisfaction, and wherein during the step of
comparing the multiple lens designs, the design maps
are compared to determine the most appropriate lens
design for the wearer; and/or

the most appropriate lens design for the wearer 1s the one

with the smallest zone representing a level of accep-
tance lower than the level of satisfaction; and/or

the most appropriate lens design for the wearer 1s the one

with the biggest zone representing a level of acceptance
higher than the level of satisfaction.

According to a further aspect, the disclosure further
relates to a method, for example implemented by computer
means for determining at least an appropriate lens design for
a wearer, the method comprising:

selecting a lens design;

determining a level of acceptance of the selected lens

design by a user according to the method of the
disclosure; and

obtaining a level of satisfaction, and

comparing the level of acceptance of the selected lens

design by the user with the level of satistaction,
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the method further comprises prior to determining the
level of acceptance of the selected lens design by the
user, defining zones on the selected lens design,
wherein the level of acceptance of the lens design by
the user 1s determined for each defined zone of said lens
design, and prior to comparing the level of acceptance
of the lens design for each zone of the lens design and
the level of satisfaction, weighting by the percentage of
use repartition of said wearer the level of acceptance of
the lens design for each zone of the selected lens design
1s, and wherein the weighted level of acceptance 1s
compared to the level of satisfaction, wherein 11 the
welghted level of acceptance of the selected lens design
by a user 1s greater or equal to the level of satisfaction
the lens design 1s deemed to be acceptable for said user;
and/or

the level of satisfaction corresponds to a mimimal accept-
able level of acceptance of the lens design.

According to a further aspect, the disclosure further
relates to a device comprising a processor adapted to store
one or more sequence of mstructions and to carry out at least
one of the steps of the method according to the disclosure.

The disclosure further relates to a computer readable
medium carrying one or more sequences ol instructions of
the computer program product according to the disclosure.

More particularly, the disclosure relates to a level of
acceptance of a lens design by a user determining device
configured for determining the level of acceptance of a lens
design by a user, the device comprising:

a communication unit configured to obtain a set of sub-

jective values representing the sensibility of the user to
a set of optical aberrations, and a lens design,

a memory storing computer executable instructions and
configured to store the received set of subjective values
and design map;

at least one processor for executing the computer execut-
able 1nstructions, wherein the computer executable
instructions comprise nstructions for determiming the
level of acceptance of a lens design by a user based on
data correlation of the set of subjective values and the
lens design.

According to a further aspect, the disclosure further
relates to a most appropriate lens design for a wearer
determining device configured for determining the most
appropriate lens design for a wearer, the device comprising:

a communication unit configured to obtain levels of
acceptance data relating to the levels of acceptance of
the user of multiple lens designs;

a memory storing computer executable instructions and
configured to store the levels of acceptance data;

at least one processor for executing the computer execut-
able 1nstructions, wherein the computer executable
istructions comprise 1nstructions for determiming the
most appropriate lens design for a wearer based on the
levels of acceptance data.

Another object of the disclosure relates to an appropriate
lens design for a wearer determining device configured for
determining at least an appropriate lens design for a wearer,
the device comprising:
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a communication unit configured to obtain level of accep-
tance data relating to the level of acceptance of a lens
design by a user; and level of satisfaction data relating
to a level of satisfaction;

a memory storing computer executable instructions and
configured to store the recerved level of acceptance
data and level of satisfaction data;

at least one processor for executing the computer execut-
able 1instructions, wherein the computer executable
istructions comprise instructions for determiming at
least an appropriate lens design for a wearer based on
the level of acceptance data and the level of satisfaction
data.

Unless specifically stated otherwise, as apparent from the
following discussions, it 1s appreciated that throughout the
specification discussions utilizing terms such as “comput-
ing”, “calculating”, or the like, refer to the action and/or
processes ol a computer or computing system, or similar
clectronic computing device, that manipulate and/or trans-
form data represented as physical, such as electronic, quan-
tities within the computing system’s registers and/or memo-
riecs 1to other data similarly represented as physical
quantities within the computing system’s memories, regis-
ters or other such information storage, transmission or
display devices.

Embodiments of the present invention may include appa-
ratuses for performing the operations herein. This apparatus
may be specially constructed for the desired purposes, or it
may comprise a general purpose computer or Digital Signal
Processor (“DSP”) selectively activated or reconfigured by
a computer program stored 1n the computer. Such a com-
puter program may be stored in a computer readable storage
medium, such as, but 1s not limited to, any type of disk
including floppy disks, optical disks, CD-ROMs, magnetic-
optical disks, read-only memories (ROMSs), random access
memories (RAMs) electrically programmable read-only
memories (EPROMs), electrically erasable and program-
mable read only memories (EEPROMs), magnetic or optical
cards, or any other type of media suitable for storing
clectronic istructions, and capable of being coupled to a
computer system bus.

The processes and displays presented herein are not
inherently related to any particular computer or other appa-
ratus. Various general purpose systems may be used with
programs 1n accordance with the teachings herein, or it may
prove convenient to construct a more specialized apparatus
to perform the desired method.

The desired structure for a variety of these systems will
appear Irom the description below. In addition, embodi-
ments of the present invention are not described with
reference to any particular programming language. It will be
appreciated that a variety of programming languages may be
used to implement the teachings of the inventions as
described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the mnvention will now be described, by
way ol example only, and with reference to the following
drawings in which:

FI1G. 1 1s an 1llustration of a chart-flow embodiment of the
method for determiming to which extent a lens design 1s
adapted to a user according to the mvention.

FI1G. 2 illustrates an example of simulated images graded
using a S5-items scale by a user;
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FIG. 3 illustrates an example of a set of subjective values
representing the sensitivity of the user to a set of optical
aberrations;

FIG. 4 1s an 1llustration of a lens design represented by the
variation of optical aberrations as a function of the angular
view point 1n the horizontal field of view.

FIG. 5 1s an illustration of an exemplary representation of
the levels of acceptance of a user of diflerent lens designs.

FIG. 6 1s an illustration of exemplary design maps.

FIG. 7 1s an 1llustration of a chart-tlow embodiment of the
method for determining the most appropriate lens design for
a wearer according to the mvention.

FIG. 8 15 an 1llustration of a chart-tflow embodiment of the
method for determining at least an appropriate lens design
for a wearer according to the invention.

(L]
Y

ERRED

DETAILED DESCRIPTION OF PR
EMBODIMENTS

The disclosure relates to a method implemented by com-
puter means for determining to which extent a lens design 1s
adapted to a user.

As 1llustrated on FIG. 1, the method for determining to
which extent a lens 1s adapted to a user comprises at least:

obtaining a lens design; the lens design representing the

variation of optical aberrations as a function of the
angular view point;
obtaining a set ol subjective values representing the
sensitivity of the user to a set of optical aberrations,

correlating the set of subjective values and the lens design
based on the set of optical aberrations so as to produce
correlation information, advantageously for determin-
ing to which extent said lens design 1s adapted to said
user from said correlation.

Every user reacts differently to each lens design and
expresses preferences for certain types of lens design. Such
preference can be evaluated by the level of acceptance of a
lens design by a user, the level of acceptance of a lens design
by a user representing 1ts percerved quality or comiort while
looking through the lens design.

As represented on FIG. 1, the method for determining to
which extent a lens design 1s adapted to a user comprises a
step S2 of obtaining a lens design. In the sense of the
disclosure, the term “obtaining” encompasses receiving and
determining.

In the sense of the disclosure the term “lens design™ 1s a
generic term which designates the set of parameters allow-
ing defimng a dioptric function of an ophthalmic lens.
Furthermore, the lens design comprises different types of
lens design such as monofocal lens designs, bifocal lens
designs, and progressive addition lens designs among others.

As represented on FIG. 4, a specific lens design can be
expressed as a graphic representing the variation of optical
aberrations as a function of the angular view point in the
horizontal field of view at a specific height, for example at
the near vision height.

Sensitivity of the user to optical aberrations can be
determined objectively, for example thanks to a perception
test, or subjectively by means of an image quality gradation
test. This sensitivity to optical aberration can be manifested
among others as discomiort (pitch) and/or a change of the
perception of visual index (for example: curvatures), and/or
motor skills (for example: modification of eye-head coordi-
nation, postural oscillation) and/or sensorimotor loops (for
example: change 1n response times). The subjectively evalu-
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ated profile of the user’s sensitivity to optical aberrations
obtained by means of a gradation test forms the notation
table.

As represented on FIG. 1, the method for determining to
which extent a lens design 1s adapted to a user comprises a
step S10 of obtaining a set of subjective values representing
the sensitivity of the user to a set of optical aberrations. In
the sense of the disclosure, the term “obtaining” encom-
passes receiving and determining.

The set of subjective values may be expressed as a
notation table corresponding to a table associating the user’s
subjective gradations of presented pictures with different
levels of optical aberrations to said levels of optical aber-
rations.

Preferably, the method according to the disclosure further
comprises a step S6 of receiving grades given by the user,
said grades representing the quality of simulated images of
real optical errors or aberrations.

The gradation test consists 1n presenting to the user a first
perfect image with no optical aberration. Simulated 1mages
corresponding to diflerent level of degradation of the first
perfect 1mage and representing different levels of optical
aberration are then successively and randomly presented to
the user. The user associates to the presented 1mage a
subjective grade representing 1ts perceived quality of the
presented image. The user grades each 1mage multiple times,
the perfect image and simulated 1images being presented in
random order.

With reference to FIG. 2, the subjective perceived quality
of the presented 1mage can be quantified using a gradation
scale. The different presented images with associated dif-
ferent optical aberrations are graded by the user by using a
gradation scale.

As represented on FIG. 3, the set of subjective values of
a user can be expressed as a graphic representing the user’s
perceived quality of the presented 1image as a function of the
different levels of optical aberrations.

Simulated 1mages with induced optical aberration are
obtained using a numerical simulation consisting 1n a con-
volution of a sharp image and a point-spread function
including the spherical defocus, the astigmatism, other
higher order geometrical aberrations, the chromatic aberra-
tion, pupil diameter, diffraction and diflusion. Moreover, the
numerical simulation take into account the viewing distance
and the size of the display.

Moreover, the numerical simulation of 1mages takes into
account the viewing distance at the time of the gradation
test. The 1images can be simulated to correspond to 1mages
seen at a specific targeted distance. For example the images
are simulated as 1f they were seen a near vision distance,
intermediate vision distance or at far vision distance.

Additionally, the type of presented simulated 1mages can
be adapted to the targeted viewing distance at the time of the
gradation test. For example, the presented simulated images
can represent words or letters for near vision distance or a
natural scene for far vision distance.

Furthermore, the presented simulated images can also be
adapted to represent different viewing conditions such as
standard vision, low light vision and/or night vision.

The presented simulated 1images may be graded using a
S-items gradation scale, for example from 0 to 100 with
steps of 20. For example, the 5 items correspond respec-
tively to excellent, good, fair, poor and bad 1mage quality.

According to an embodiment of the disclosure, the pre-
sented simulated images the user have to grade are seen
through real optics.
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Preferably, the presented images are seen through a
sphero-cylindrical correction giving at least a 6/6 high
contrast visual acuity.

Preferably, the presented images are seen by the user
through a 3 mm pupil. Advantageously, the use of a 3 mm
pupil worn 1n front of the eye of the user allows limiting the
impact of the user’s own optical aberrations.

The gradation step 1s normally done in binocular condi-
tion with the two eyes open and used but can also be
performed 1n monocular conditions.

As represented on FIG. 1, the method for determining to
which extent a lens design 1s adapted to a user may comprise
prior to step S6 of receiving grades from the user, a step S4
of obtaming mformation on the best eye of the user. Infor-
mation on the best eye of the user may be received or
determined using well known method of the prior art.

The “best eye” 15 a generic term used to designate the eye
with the best acuity, the eye with the lowest aberration level
or the dominant eye.

The grades on the quality of presented simulated 1mages
received during step S6 may be obtained by grading said
images 1n monocular conditions using the best eye of the
user.

Grading the presented simulated images in monocular
conditions, for example using the best eye, allows obtaining
a more accurate evaluation of the perceived quality of the
presented 1mages.

As represented on FIG. 1, the method for determining to
which extent a lens design 1s adapted for a user comprises a
step S12 of correlating the set of subjective values and the
lens design based on the set of optical aberrations so as to
obtain correlation information.

As represented on FIG. 3, the set of subjective values can
be expressed as a graphic representing the user’s percerved
quality of the presented 1image as a function of the different
levels of optical aberrations associated with each of these
images. As represented on FIG. 4, a specific lens design can
be expressed as a graphic representing the variation of
optical aberrations as a function of the angular view point 1n
the horizontal field of view at a specific height, for example
at the near vision height.

The correlation of these two graphics which correspond to
the correlation of a set of subjective values representing the
user’s percerved quality of pictures as a function of the level
of optical aberrations and a specific lens design represented
by vanations of levels of optical aberrations as a function of
the angular view point in the horizontal field of view at a
specific height permits obtaining correlation information
which represent the user’s percerved quality of pictures
expressed as a function of the angular view point in the
horizontal field of view at a specific height.

The method according to the disclosure further comprises
a step S14 of determining the level of acceptance of the
specific lens design by the user.

During step S14, the level of acceptance of a lens design
by a user 1s determined based on the correlation information.

Such level of acceptance of a specific lens design by the
user represented on FIG. 5 can be expressed as a function
representing the user’s perceived quality of pictures repre-
sented times the angular view point in the horizontal field of
view at a specific height.

The level of acceptance of a lens design by the user
represents a relevant and not fluctuating evaluation of the
percerved quality and comifort of a user of a lens design.

With reference to FIG. 1, the method for determining to
which extent a lens design 1s adapted to a user may further
comprise a step S16 of controlling a display of the design
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map of the user. In the sense of the disclosure, the term
“controlling a display of the design map” emphasizes “dis-
playing the design map”.

As represented on FIG. 6 the correlation information can
also be represented as a design map. The design map which
corresponds to the correlation of the set of subjective values
representing the sensitivity of a user to optical aberration
and a lens design represents another way to express the
correlation mformation.

The level of acceptance of a lens design by a user and the
corresponding design map of a user of a lens design repre-
sent an evaluation of the visual performance of a user when
using the lens design.

As represented on FIG. 1, the method may turther com-
prise prior to step S12 of correlating the set of subjective
values and the lens design, a step S8 of defining zones on a
lens design. For example zones may be defined around the
optical center of the lens, around the near vision zone and/or
around the far vision zone.

Steps S12 of correlating the set of subjective values and
the lens design and S14 of determining the level of accep-
tance of the lens design by the user may be carried out for
cach defined zone of the lens design so as to determine a
level of acceptance of each of said defined zones.

Advantageously, by defimng specific zones of the lens
design, 1t 1s possible to focus the determination of the level
ol acceptance for specific types of aberrations relating to
said specific zones.

For example, zones such as far vision zone, may be
defined on the provided lens design. Simulated i1mages
representing optical aberrations in the far vision zone are
cvaluated by the user so as to determine a set of subjective
values of said user for said defined far vision zone of any
lens design. The set of subjective values of the user 1s further
correlated to the selected lens design, and more particularly
to the defined zone of said lens design so as to determine the
level of acceptance of said zone of the defined lens design
by the user.

With reference to FIG. 7, the disclosure further relates to
a method for determiming the most appropriate lens design
for a wearer.

During step S20, a set of subjective values representing,
the user’s sensitivity to optical aberrations 1s obtained. In the
sense of the disclosure, the term “obtaining” encompasses
receiving and determining.

The method for determining the most appropriate lens
design for a wearer further comprises a step S22 of deter-
mimng the level of acceptance of multiple lens designs by
said user.

During step S22, multiple different lens designs are
selected and the level of acceptance of each selected lens
design by a user i1s determined. The level of acceptance of
cach lens design by the user 1s determined according to the
above described method of the disclosure for determining a
level of acceptance of a lens design by a user based on the
correlation of the set of subjective values of the user and a
lens design according to the above described method.

During step S26, the levels of acceptance of the multiple
lens designs are compared together in order to determine the
most appropriate lens design for the wearer.

During step S28, the most appropriate lens design 1s
determined. For example, the most appropriate lens design
for a wearer may correspond to the lens design for which the
level of acceptance 1s the highest.

The method for determining the most appropriate lens
design for a wearer according to an embodiment of the
disclosure may further comprise prior to step S26 of com-
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paring the levels of acceptance of diflerent lens designs, a
step S23 of defining zones on the lens designs. During step
S23, zones corresponding to specific values of level of
acceptance are defined for each lens designs. Such zones of
a lens design may be represented as a design map. For
examples zones of the lens design with a level of acceptance
comprises between 0 and 20 excluded correspond to the
“very bad zone”, between 20 and 40 excluded to the “bad
zone”, between 40 and 60 excluded to the “fair zone”,
between 60 and 80 excluded to the “good zone”, and
between 80 and 100 to the “very good zone”.

The method for determining the most appropriate lens
design for a wearer according to an embodiment of the
disclosure may further comprise prior to step S26 of com-
paring the levels of acceptance of a lens design, a step S24
ol obtaining a level of satisfaction.

The level of satisfaction corresponds to a threshold value
for the level of acceptance of a lens design that represents
the minimal acceptable level of acceptance of a lens design.

During step S26, the design maps of each of the multiple
lens designs are compared between each other so as to
determine the most appropriate lens for a wearer.

The most appropriate lens design for a wearer may
correspond to the lens design with the smallest zone repre-
senting a level of acceptance lower than the level of satis-
faction.

Alternatively the most appropriate lens design for a
wearer may correspond to the lens design with the biggest
zone representing a level of acceptance higher than the level
ol satisfaction.

With reference to FIG. 8, the disclosure further relates to
a method for determining at least an appropriate lens design
for a wearer.

During step 30, a first lens design 1s selected.

During step S32, the level of acceptance of the selected
lens design by a user 1s determined according to the method
of the disclosure based on the correlation of a set of
subjective values representing the sensitivity of the user to
optical aberrations and the selected lens design.

During step S34, a level of satisfaction corresponding the
minimal acceptable level of acceptance of a lens design by
a user 1s obtained.

The level of satisfaction corresponds to a threshold value
for the level of acceptance of a lens design that represents
the minimal acceptable level of acceptance of a lens design.
In other words, the level of satisfaction represents the
minimal tolerance of the user for a level lens design.

The level of acceptance of the selected lens design by the
user o 1s then compared to the level of satistaction during
step S38. If the level of acceptance 1s higher or equal to the
level of satisfaction, the lens design i1s considered to be
appropriated for the user.

Otherwise, 1f the level of acceptance of the selected lens
design by the user 1s smaller than the level of satisfaction,
the lens design 1s considered to be not appropriated for the
wearer and steps S30 to S38 are repeated with a different
lens design until at least one appropriate design i1s deter-
mined.

Additionally, the method for determining at least an
appropriate lens design for a wearer may comprise prior to
determining the level of acceptance of the selected lens
design by the user, a step S31 of defining zones on the
selected lens design. For example zones may be defined
around the optical center of the lens, around the near vision
zone and/or around the far vision zone.
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During step S32, the level of acceptance of each defined
zone of the selected lens design by the user may be defined
according to the method of the disclosure.

The method for determining at least an appropriate lens
design for a wearer may further comprise prior to comparing
the level of acceptance of each zone of the lens design by the
user and the level of satisfaction, a step S36 of weighting by
the percentage of use repartition of the user the level of
acceptance of each zone of the selected lens design by the
user.

The percentage ol use repartition corresponds to the
probability of use of the lens design at each point by the user.

The weighted level of acceptance of the lens design by a
user may further be compared to the level of satistfaction
during step S38.

If the weighted level of acceptance of the selected lens
design by the user 1s greater or equal to the level of
satisfaction the lens design 1s deemed to be acceptable for
said user

According to another aspect, the disclosure further relates
to a computer product adapted to implement a method of the
disclosure for determining a level of acceptance of a lens
design by a user, or for determining a or the most appropriate
lens design for a wearer.

The computer program product comprises soltware code
adapted to perform any embodiment of the methods
described 1n the present disclosure, whether taken alone or
in combination.

In other words, the disclosure may further relates to a
non-transitory program storage device, readable by a com-
puter, tangibly embodying a program of instructions execut-
able by the computer to perform any embodiment of the
methods described 1n the present disclosure, whether taken
alone or 1n combination.

According to another aspect, the disclosure further relates
to a level of acceptance of a lens design by a user deter-
mimng device configured for determining to which extent a
lens design 1s adapted to a user.

The level of acceptance of a lens design by a user
determining device comprises a communication unit con-
figured to obtain data set of subjective values representing
the sensitivity of the user to a set of optical aberrations and
a lens design.

Furthermore, the level of acceptance of a lens design by
a user determining device comprises a memory storing
computer executable mstructions and configured to store the
received set of subjective data and lens design.

Moreover, the level of acceptance of a lens design of a
user determining device comprises at least one processor for
executing the computer executable 1nstructions.

The computer executable 1nstructions comprise nstruc-
tions for determining the level of acceptance of a lens design
by a user of a lens design based on correlation information
obtained by correlating the set of subjective values and the
lens design according to a method of the disclosure.

According to another aspect, the disclosure further relates
to a most appropriate lens design for a wearer determining,
device configured for determining the most appropriate lens
design for a wearer.

The most appropriate lens design for a wearer determin-

ing device comprises a communication unit configured to
obtain levels of acceptance data.

The levels of acceptance date relates to the levels of

acceptance of the user of multiple lens designs.
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Furthermore, the most appropriate lens design for a
wearer determining device comprises a memory storing
computer executable mstructions and configured to store the
levels of acceptance data.

Moreover, the most appropriate lens design for a wearer
determining device comprises a processor for executing the
computer executable 1nstructions.

The computer executable instructions comprise instruc-
tions for determining the most appropriate lens design for a
wearer based on the levels of acceptance data and according
to the method of the disclosure.

According to another aspect, the disclosure further relates
to an appropriate lens design for a wearer determining
device configured for determining an appropriate lens design
for a wearer.

The appropriate lens design for a wearer determining
device comprises a communication unit configured to obtain
levels of acceptance data.

The levels of acceptance date relates to the levels of
acceptance of the user of multiple lens designs.

Furthermore, the appropriate lens design for a wearer
determining device comprises a memory storing computer
executable 1nstructions and configured to store the levels of
acceptance data.

Moreover, the appropriate lens design for a wearer deter-
mining device comprises a processor for executing the
computer executable instructions.

The computer executable instructions comprise nstruc-
tions for determining an appropriate lens design for a wearer
based on the levels of acceptance data and according to the
method of the disclosure.

The invention has been described above with the aid of
embodiments without limitation of the general inventive
concept.

Many further modifications and variations will suggest
themselves to those skilled 1n the art upon making reference
to the foregoing illustrative embodiments, which are given
by way of example only and which are not intended to limit
the scope of the mvention, that being determined solely by
the appended claims.

In the claims, the word “comprising” does not exclude
other elements or steps, and the indefinite article “a” or “an”
does not exclude a plurality. The mere fact that different
features are recited 1n mutually different dependent claims
does not indicate that a combination of these features cannot
be advantageously used. Any reference signs 1n the claims
should not be construed as limiting the scope of the mven-
tion.

The mvention claimed 1s:

1. A method implemented by a computer, the method
comprising;

obtaining a lens design, the lens design representing the

variation of optical aberrations as a function of the
angular view point;
obtaining a set of subjective values representing the
sensitivity of the user to a set of optical aberrations, the
set of subjective values being obtained by receiving
grades provided by a user, said grades representing a
quality of simulated images of real optical errors;

correlating the set of subjective values and the lens design
based on the variation of optical aberrations to produce
correlation information; and

determining a level of acceptance of the lens design by the

user based on the correlation information.

2. The method according claim 1, further comprising,
prior to correlating the set of subjective values and the lens
design, defiming zones on the lens design,
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wherein the correlation of the set of subjective values and
the lens design 1s performed for each defined zone of
the lens design.

3. The method according to claim 1, further comprising,
controlling a display of a design map of the user, the design
map representing the correlation information.

4. A method implemented by a computer configured to
determine a most appropriate lens design for a wearer, the
method comprising:

obtaimning a set of subjective values representing the

sensitivity of the user to a set of optical aberrations;
determining levels of acceptance of multiple lens designs
by a user according to the method of claim 1;
comparing the levels of acceptance of the multiple lens
designs; and
determining the most appropriate lens design for the
wearer based on the comparison of the levels of accep-
tance of the multiple lens designs.

5. The method according to claim 4, further comprising,
prior to comparing the levels of acceptance of the multiple
lens design, defining zones on a design map of each lens
design, each defined zone corresponding to a specific value
of level of acceptance, and obtaining a level of satisfaction,
and

wherein during the comparing the levels of acceptance of

the multiple lens designs, the design maps are com-
pared between each other to determine the most appro-
priate lens design for the wearer.

6. The method according to claim 5, wherein the most
appropriate lens design for the wearer 1s the one with the
smallest zone representing a level of acceptance lower than
the level of satisfaction.

7. The method according to claim 5, wherein the most
appropriate lens design for the wearer 1s the one with the
biggest zone representing a level of acceptance higher than
the level of satisfaction.

8. A method implemented by a computer configured to
determine at least an appropriate lens design for a wearer,
the method comprising the following operations:

selecting a lens design;

determining a level of acceptance of the selected lens

design by a user according to the method of claim 1;
obtaining a level of satisfaction; and

comparing the level of acceptance of the selected lens

design by the user to the level of satisfaction,
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wherein the operations are repeated with different lens
designs until at least an appropriate lens design for the
wearer 1s selected.

9. The method according to claim 8, further comprising:

prior to the determiming the level of acceptance of the lens
design by a user, defiming zones on the lens design, the
level of acceptance of the lens design by the user being
determined for each defined zone of the lens design;
and

prior to the comparing the level of acceptance of the lens
design and the level of satisfaction, weighting by a
percentage ol use repartition of the user the level of
acceptance of each defined zone of the lens design by
the user, the weighted level of acceptance being com-
pared to the level of satistaction.

10. The method according to claim 8, wherein the level of
satisfaction corresponds to a minimal acceptable level of
acceptance of the lens design.

11. A non-transitory computer readable medium on which
1s stored one or more sequences of 1nstructions of software
code configured to perform the operations of the method
according to claim 1 when executed by a processor.

12. The method according to claim 2, further comprising
controlling a display of a design map of the user, the design
map representing the correlation information.

13. A device for determining a level of acceptance of a
lens design by a user, the device comprising:

a communication unit configured to obtain a set of sub-
jective values representing a sensitivity of the user to a
set of optical aberrations and a lens design, the set of
subjective values being obtained by receiving grades
provided by a user, said grades representing a quality of

simulated 1mages of real optical errors;

a memory storing computer-executable instructions and
configured to store the received set of subjective values
and the lens design; and

at least one processor configured to execute the computer-
executable instructions,

wherein the computer executable instructions comprise
istructions to determine the level of acceptance of the
lens design by the user based on a correlation of the set
of subjective values and the lens design.
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